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Among the several state government initiatives, during June 2015 the government of Tamil Nadu launched the "Kuruvai Special Assistance 2015 for Delta districts" to boost rice production and productivity. India can occupy 1st position in world rice production, provided appropriate policies and institutional mechanisms are implemented (Vision 2030 , CRRI, Cuttack, 2011 .
One of the main components of this Kuruvai (June to Sep.) special package was the promotion of 'Machine Transplantation' of rice seedlings, for which the State Departments of Agriculture and Agrl. Engineering took substantial efforts for mobilizing machine transplanters. Those farmers who went for Kuruvai rice cultivation were covered under this programme, whose fields were machine transplanted at subsidized rates.
In order to assess the impact of this machine transplantation programme, a study was conducted with the following objectives:
To assess the economics of mechanical transplantation in rice cultivation, especially in terms of productivity and net profit advantages.
To ascertain the feedback of farmers regarding mechanical transplantation in rice cultivation, so as to understand the potential for sustained adoption.
METHODOLOGY
Ex-post facto research methodology was followed in order to trace the effects of machine transplantation in rice cultivation. The study was conducted in the six delta districts of Tamil Nadu viz., Thanjavur, Tiruvarur, Nagapattinam, Trichy, Ariyalur and Cuddalore, in which the "Kuruvai Special Assistance 2015 for Delta districts" was implemented by the Government of Tamil Nadu to boost rice production during Kuruvai season in 2015.
In order to select the sample farmers for the study, the list of beneficiaries covered under the "Kuruvai Special Assistance 2015 for Delta districts" was obtained from the Office of the Joint Directors of Agriculture of the respective delta districts. As on 31 July, 2015, a total number of 1,006 farmers were covered under the mechanical transplantation component of the Kuruvai package.
It was decided to select 25 per cent of the population as sample for the study, and accordingly the sample size was fixed as 250, which was selected from the six districts by following proportionate random sampling method. The selected 250 farmers were post-stratified into conventional and machine transplantation farmers. Out of the 250 farmers, 72 of them had followed conventional planting also, and in order to compare the improvement, these farmers were also studied.
The primary data were collected from the sample respondents through two rounds of survey. The first survey was conducted immediately after transplanting, during last week of July 2015 and first week of August 2015, and the second survey was conducted after harvest of the crop ie. during third and fourth week of October 2015.
Two well-structured and pre-tested interview schedules were used to collect the primary data during the two rounds of survey. The interview schedules covered different aspects in accordance with the objectives of the study, such as farmers' profile characteristics, economics of conventional and machine planting, yield particulars, net profit, besides feedback of farmers on mechanical transplanting.
The data collected were tabulated in excel sheet. Percentage analysis was carried out for meaningful interpretation of the data generated.
FINDINGS AND DISCUSSION
Personal
Characteristics of the Respondents Majority (54.00 %) of the respondents were in the age group of 30-50 years, followed by 43.60 percent in the age group of more than 50 years. More than three-fourths (78.00 %) of the respondents had secondary, higher secondary or graduate level of education. Farming experience of a majority (58.00 %) of the respondents ranged between 21 to 30 years and above. More than one-third (36.00 %) of the respondents were large farmers, followed by medium farmers (34.40%), small farmers (26.65 %), and the rest (3.60 %) were marginal farmers. A large proportion (42.00 %) of the respondents were in the income category of less than one lakh rupees per year, followed by the income category of one to two lakh rupees per year (39.60%).
Comparative
Economics of Conventional and Machine Transplanted Rice
The comparative economics of conventional and machine transplanted rice per acre is given in Table 1 .
Nursery Cost
In this part of the analysis, three situations of seedling production were considered for computing the economics of nursery cost viz., (i) Conventional method of seedling production for conventional planting (traditional method), (ii) Mat nursery method of seedling production by farmers themselves for mechanical transplanting, and (iii) Direct purchase of seedlings from commercial nurseries for mechanical transplanting.
With regard to use of human labour in conventional nursery, for seven man days employed the cost incurred was Rs.910.00 per acre. Whereas, in the case of mat nursery seedling production, it was just three labour man days at a cost of Rs.580.00. Therefore, the net difference in human labour employed between conventional and mat nursery methods was four man days, which in monetary terms works out to Rs. 330.00 per acre. Similarly, with respect to use of machine power (power tiller) in nursery, the cost incurred was lesser for mat nursery method (preparation of nursery beds) to the tune of Rs. 320.00, when compared to conventional method (Rs.
604.80).
In the case of seed rate, there was significant difference between seed rate followed in conventional method and mat system of seedling production. Under conventional method, the seed rate generally followed per acre is 35 to 55 kgs, whereas for mechanical transplanting, the seed rate required per acre is just 20 kgs. Therefore, the net difference in seed rate per acre was 20 to 35 kgs, equivalent to Rs. 600 to 1,050.00/-As far as application of fertilizers is concerned, on an average 20 kgs of 5950 DAP (Diammonium Phosphate) was applied in conventional nursery valued at Rs.360.00; and on the other hand just two kgs was applied in mat nursery method at a cost of Rs.36.00. As a result, there was a saving of Rs.324.00 due to mat nursery method.
In respect of use of plant protection chemicals, on an average 118 ml. of insecticides/fungicides was used in conventional nursery, which costs Rs.120.00. Compared with mat nursery method, the respondent farmers had used only 56 ml. of insecticides/fungicides costing Rs.58.00. This has resulted in a saving of Rs.62.00 under mat nursery method.
Further, the total cost of seedling production under conventional method of planting worked out to Rs. 3549.99. In the case of mechanical transplanting, the cost of seedlings worked out to Rs. 1771.93 per acre for mat nursery prepared by the farmers themselves, and Rs. 2300 to 2800.00 per acre for purchase of seedlings from commercial nurseries. Therefore, there was a saving of Rs.1778.06 (50.08 %) under own mat nursery method, and Rs. 1049.99 with purchase of seedlings (29.57 %).
Main Field Cost
From Table 1 it is seen that seven major components were considered to work out the cost of rice cultivation in the main field viz., land preparation, seedling pulling and transportation to main field, planting, manures and fertilizers, plant protection, weed management and harvest.
The average expenditure incurred per acre on land preparation under conventional and mechanical transplanting worked out to Rs. 3047.17 and Rs. 4107.16 respectively. Under mechanical transplanting, the expenditure incurred on land preparation was 34.79 per cent higher than that of conventional method, since extra efforts were taken by farmers for land leveling.
Further, farmers who did conventional planting had spent about Rs. 1750.00 per acre towards pulling of seedlings and transportation to main field. This was one of the major cost components under conventional method of rice planting.
With respect to planting, the conventional method required 15.50 women labourers per acre at a cost of Rs. 1536.67 per acre. In the case of mechanical transplanting, gap filling was an additional activity to be undertaken after machine planting by employing about2 to 3 women labourers per acre leading to an additional cost of Rs. 360.00 per acre.
The average cost of manures and fertilizers for conventional and mechanical planted rice crop per acre was Rs. 3307.50 and Rs. 3127.50 respectively.
As far as plant protection was 5951 concerned, the crop in the main field was found to be uniform and well established under machine planting when compared to conventional method due to optimum population coupled with young seedlings planted at shallow depth. Machine planting with optimum inter and intra row spacing also paved way for better micro-climate with good aeration, which led to less incidence of pest and diseases, and as a result less expenditure was incurred on plant protection (Rs. 1163.50/acre), which is 42.66 per cent less when compared to the conventional method of planting (Rs. 1659.83/-acre).
The study indicates that there was more expenditure on weeding in the case of machine planted fields (Rs. 2193.83 /acre) as compared to manually planted fields (Rs. 2148.50 /acre). The increase in expenditure on weeding under machine planting might be due to excess wages paid for the cono weeder operators ranging from Rs. 300-400 per person per 33 cents per time. But cono weeding is very much essential for better aeration besides facilitating formation of new roots thereby enhanced uptake of nutrients is made possible.
There was no significant difference on expenses incurred on harvesting since all the farmers had used the combined harvester.
The total cost incurred in the main field for conventional planting was Rs.17584.24 
Cost and Returns
The cost and returns with respect to conventional and mechanical planting methods are presented in Table 2 .
It is seen that the yield (productivity) increase of more than 38.83 per cent was reported in case of mechanically transplanted fields as compared to manually planted fields. Cost of cultivation was almost 21.44 per cent lesser in the case of mechanically transplanted fields as compared to conventionally transplanted fields because of reduction in cost of seed, manures and fertilizers and plant protection chemicals.
The reduction or saving in the cost of cultivation automatically resulted in the fall of cost of production by 43.41 per cent in the case of machine planting as compared to conventional planting. Finally, it is observed that the gross return as well as net return were significantly higher, with 38.83 per cent increase in gross return and almost four times increase in net return (447.54 percent). Almost 40 to 50 per cent increase in number of productive tillers per hill under machine planting 5952 would have paved way for increase in yield / productivity of the crop, which
Farmers' feedback
Farmers' feedback regarding mechanical transplantation in rice cultivation was elicited so as to understand the potential for sustained adoption. The analysis of farmers' feedback is presented in Tables 3-7 .
Reasons for Adoption of Mechanical Transplantation
The reasons for adoption of mechanical planting method were analysed and the results are presented in Table 3 . reflected in increased net income per acre.
From Table 3 , it is seen that 100 per cent of the respondents had reported that 'to overcome labour scarcity during planting season', and 'significant yield increase' as the major reasons for adoption of machine planting arranged by the government. This was followed by 'to maintain perfect spacing between plants and rows which ensured optimum population'(as per recommendation), which resulted in good aeration and less pest and disease incidence (there was no report of blast disease in machine transplanted fields, whereas blast occurrence was reported in conventionally planted fields).
Level of Satisfaction on Mechanical Transplanting
The level of satisfaction on mechanical transplanting as reported by the respondents were analysed and the results are presented in Table 4 . Table 4 that nearly two-thirds (64.80 %) of the respondents had reported that they were 100 per cent satisfied with the machine transplantation programme of the state government.
It is inferred from
This was followed by 33.20 per cent of the respondents who expressed that their level of satisfaction was 51 to 75 per cent due to the reasons that: it may not be a suitable method of planting during rainy season as the field requires extra care for the first 20 days after mechanical transplantation in terms of providing proper drainage facility, and irrigation should be given as and when disappearance of water from the field. The rest (2.00 %) of the respondents were only satisfied up to the level of 26 to 50 per cent, since they felt that their fields were clayey in nature and machine planting the seedlings too deep in the soil caused delay in establishment of seedlings during the initial period, moreover providing proper drainage in clay soil also becomes difficult.
reported that 'mental agony of rice cultivation reduced significantly', 'increase in number of productive tillers', and 'reduction in seed rate resulted in decreased cultivation cost' as the major merits in machine transplanting.
Demerits of Machine Transplanting
The findings on the demerits of machine transplanting are given in Table 6 . It is seen from Table 6 that cent percent of the respondents reported that 'skill as a pre-requisite for machine planting. 
